Abstract. In the last several years, the realization of an Electron-Ion Collider (EIC) with luminosity greater than 10 33 cm" 2 s~ *, a center-of-mass energy in the range of 30 to 100 GeV and employing spin-polarized electron and nucleon beams as well as beams of low mass to heavy ions has developed into a leading initiative in hadronic physics worldwide. Using the precisely determined electro weak interaction to probe hadronic matter, EIC would open a new window on the fundamental quark and gluon structure of the nucleon and address completely new aspects of hadron structure like the origin of nuclear binding and the search for highly saturated gluonic matter. A promising realization of EIC utilizes the existing Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory, New York, USA which has accelerated both heavy ions as well as polarized protons. At present, an effort is underway to develop a conceptual design for an electron-ion collider using RHIC within the next several years.
INTRODUCTION
The study of the fundamental structure of matter has been a central goal of physicists through the ages. The tremendous advances in the 20th century culminated in the 1970's in the development of the Standard Model. This is an elegant theoretical framework based on experiment which describes the structure of matter in terms of point-like particles interacting by the exchange of gauge bosons. In the Standard Model, Quantum Chromodynamics (QCD) describes strongly interacting particles in terms of a color interaction between quarks mediated by gluons. An essential goal of present research is to investigate and understand the strong interactions between quarks and gluons that underpin the structure and interactions of nucleons and nuclei. The Electron-Ion Collider (EIC) is proposed as the next essential step needed to understand the fundamental structure of matter.
EIC is motivated by the desire to use lepton scattering to precisely study nucleon and nuclear structure in a regime where the fundamental quark and gluon structure is directly probed using the precisely known QED interaction. The EIC design considerations are shaped by three decades of experimental work carried out with stationary or fixed targets at high energy physics facilities such as SLAC, CERN, DESY, and Fermilab. The inherent limitations of these facilities points to the need for a facility with the following characteristics:
• collider geometry where electron beams collide with beams of protons or nuclei The collider geometry offers two major advantages over fixed target electronproton/ion studies. Firstly, the collider delivers vastly increased energy to the quark or gluon in the collision, providing a greater range for investigating partons with small momentum fraction (x) and their behaviour over a wide range of momentum transfers (Q 2 ). Secondly, the collider geometry is far superior to fixed-target experiments since it allows detection of complete final-states of the target. High luminosities of order 10 33 cnT V 1 for electron-nucleon scattering are a necessary and crucial charcteristic of EIC. Figure 1. shows the center-of-mass energy vs. luminosity compared to a selection of other existing and planned facilities. EIC will have higher energies than any existing fixed-target machine and a higher luminosity than any existing collider. 
SCIENTIFIC MOTIVATION
While a great deal has been learned about the quark and gluon structure of matter, some crucial questions about the structure of hadronic matter remain open:
• What is the structure of hadrons in terms of their quark and gluon constituents?
• How do quarks and gluons evolve into hadrons through the dynamics of confinement?
• How do quarks and gluons manifest themselves in the properties of atomic nuclei?
• Does partonic matter saturate in a universal high-density state?
• To what degree can QCD be demonstrated as an exact theory of the strong interaction?
The potential of EIC to open up new frontiers in the study of the fundamental structure of matter can be appreciated by consideration of the following highlights:
Quark and Cluon Distributions in the Nucleon
EIC offers a unique capability for measuring ' flavor tagged' structure functions by providing access to a wide range of final states arising from the the fragmentation of the virtual photon. For example, with clean kaon identification both the momentum and spin distributions of the strange quarks can be determined with high precision down to x~ 10" 3 . The ability to tag the hadronic final-state will allow measurements of the neutron structure function at large x, so that a reliable and precise determination of the ratio of the quark distributions in neutrons and protons can be made in a regime where several competing theoretical predictions exist. Spin Structure of the Nucleon EIC operating at the highest CM energy can probe lower x than presently possible and so can search for the dramatic QCD prediction that the proton spindependent structure function turns negative at low x. In addition, EIC can provide a direct, clean probe of the gluon polarization by means of a number of measurements, namely charm production, and inclusive scattering.
The Role of Quarks and Gluons in Nuclei

Correlations between Partons
A complete charcterization of the partonic substructure of the nucleon must go beyond a pictureof collinear non-interacting partons. It must include a description of the correlations between the parton densities over impact parameters, and a comparison of the parton wave functions of different baiyons. Progress in this direction can be realized by measuring hard, exclusive processes where, in the final state a photon, a meson, or several mesons are produced along the virtual photon direction and a baryon is produced in the nucleon fragmentation region. These processes are expressed, as a result of the new QCD factorization theorems, through a new class of parton distributions termed Generalized Parton Distributions (GPD's). The collider kinematics are optimal for detecting these processes.
The Role of Quarks and Cluons in Nuclei
Most hadronic matter exists in the form of nuclei. The ability of EIC to collide electrons with light and heavy nuclei opens horizons fundamental to nuclear physics. For example, the role of quarks and gluons in nuclei may be investigated by comparing the changes in parton distributions per nucleon as a function of the number of nucleons. Studies of parton modifications at x~ 0.1 will be most sensitive to the underlying quark-gluon structure of the internucleon interactions that are usually described within low energy mesonic theories. It is particularly important to establish the quark distributions at small values of x where the presence of the other nucleons in the nucleus will alter C shadow') the partonic distributions.
Hadronization in Nucleons and Nuclei
How do the colored quarks and gluons knocked out of nucleons in DIS evolve into the colorless hadrons that must eventually appear? This process is one of the clearest manifestations of confinement: the asymptotic physical states must be color-neutral. Hadronization is a complex process that involves both the structure of hadronic matter and the long range nonperturbative dynamics of confinement. A fundamental question related to hadronization is how and to what extent the spin of the quark is transferred to its hadronic daughters. The ability to "tag flavor' and a facility that creates detectable jets are crucial for these experiments. EIC makes it possible to strike quarks and observe the complete array of decay products from the nucleon or nucleus.
Partonic Matter under Extreme Conditions
Veiy high energy DIS on nuclear targets with electromagnetic probes offers new opportunities for studying partonic matter under extreme conditions. Particularly intriguing is the regime of very low x<10~ 3 where gluons dominate. Measurements of the proton structure function at HERA showed that the gluon distribution grows rapidly at small x for Q 2 greater than a few (GeV/c) 2 . When the density of gluons becomes large, they may saturate and give rise to a new form of partonic matter: a color glass condensate. It is a colored glass because the properties of the colorsaturated gluons are analogous to that of a spin glass system in condensed matter physics. It is a condensate because the gluons have a large occupation number and are peaked in momentum about a typical scale of the saturation momentum Q s . The gluon density per unit area is enhanced in nuclei relative to that in individual nucleons by a factor A 3 . Therefore, high parton density effects will appear at much lower energies in nuclei than in protons. EIC, with its nuclear beams and e-A CM energies of at least 60 GeV, and its ability to study inclusive and semi-inclusive observables, willprobe this novel regime of QCD.
MACHINE CONSIDERATIONS
Realization of an electron-ion collider with a luminosity of order 10 33 cnT V 4s a formidable task. While such a luminosity for e + -e" colliders has been attained with the B-factories at SLAC and KEK, the requirements of EIC impose special considerations. Firstly, it is essential that the ion beam be cooled to reduce the transverse emittance and thus increase the luminosity. Secondly, the demand that the beams be spin polarized constrains the optics and interaction region. Thirdly, the high luminosity implies significant magnetic focussing near the interaction region and so the detector design is intimately connected with the machine design.
In March 2002 at the EIC workshops at Brookhaven National Laboratoiy, some important decisions were made concerning the realization of an electron-ion collider. Firstly, it was decided to produce a conceptual machine design within three years. This will require development of an excellent physics case based on a single, optimized machine design and utilizing a suite of carefully designed research equipment. To realize this goal it was decided at the meeting to identify the leading scenario for realization of the collider. To this end, it was decided -to use the existing Relativistic Heavy Ion Collider (RHIC) for the ion beam. RHIC can provide both polarized nucleon and heavy ion beams over the large energy range required by EIC. Further, it is clear that using RHIC can greatly reduce the cost of realization of EIC. In addition, the RHIC heavy ion and spin communities are strong participants in EIC and thus BNL provides a natural home for this facility.
-to choose a 10 GeV external electron-ring to RHIC. This maximizes the freedom to design the interaction region and allows a progression of options to feed the electron-ring: a 2 GeV linac injector using selfpolarization and ramping to deliver polarized electron and positron beams in the range of 5 to 10 GeV; a 10 GeV linac with polarized electron source to allow full energy injection of polarized electrons in the energy range from 2 to 10 GeV; a 10 GeV energy recovery linac and polarized electron source to allow full energy injection of polarized electrons in the energy range from 2 to 10 GeV.
FUTURE PLANS
Work on developing the EIC conceptual design is proceeding.
